C-Nucleoside, Dissociation, Fluorescence Details are given of the ultraviolet, optical rotatory dis persion and fluorescence spectra of oxoformycin. The pK of formation of the monoanion is 8.6, at 25 °C. As formycin B has the same pK value, the ionization of both compounds is ascribed to dissociation of a proton from N-/1. Both the neutral and monoanionic forms of oxoformycin are strongly fluorescent.
The antibiotics formycin (1) and formycin B (2) are C-nucleoside analogues of adenosine and inosine (5) . The original isolation of oxo formycin did not yield analytically pure material1 and although this has been achieved in a subsequent chemical synthesis 4, only very limited physical data are presently available for this C-nucleoside. In this communication, the UV, ORD and fluorescence spectra of oxoformycin are described, and its mode of ionization is discussed.
The variation of the UV spectrum of oxoformy cin with pH ( Fig. 1) indicates that the neutral mole cule dissociates to form the monoanion with pK = 8.6 ± 0.1, at 25 °C. For the neutral molecule, Amax = 287nm, € = 5650. There is no evidence for pro- tonation of oxoformycin in 0.1 N HC1 as the spec trum is the same under these conditions as at pH 7.
For the monoanion (at pH 10.5), Xmax = 297 nm, £ = 4400; isosbestic points occur in the pH range 7 to 10.5 at 268.5 nm and 298.5 nm. These isosbestic points are not observed for spectra at pH 12 (0.01 N KOH) and at pH 13 (0.1 N KOH) indi cating that a second ionization occurs at these high pH values. At pH 13, the spectrum shows / max = 250 nm (shoulder), £ = 6000; Amax = 305nm, £ = 4600.
Oxoformycin (3) has the same pK value as for mycin B (2) 5> 6, and this fact has important im plications concerning the mode of ionization of these two compounds. The purine analogues of oxo formycin and formycin B, namely xanthosine (5) and inosine (4), both ionize by dissociation of a proton from N-l but have widely different pK values of 5.67 and 8.96 respectively7. This is be cause stabilization of the anion, by charge de localization on to oxygen atoms, can occur much more effectively in the case of xanthosine (at 0-2 and 0-6) than for inosine (at 0-6 only). If, as has been suggested 8, formycin B were to ionize in corresponding fashion by dissociation of a proton from N-6 (note the different numbering of the purine and pyrazolo [4,3-<f] pyrimidine ring systems) similar considerations would predict a much lower pK for oxoformycin than for formycin B. As this is not observed, it may be inferred that ionization of these compounds occurs by a different mechanism. The only other position from which a proton may dissociate in formycin B is N-l of the pyrazole ring moiety. Formycin (1) must dissociate by loss of a proton from N-l and has a pK of 9.5 at 25 °C 9. If this mechanism also pertains in formycin B and oxoformycin their slightly lower pK value is consistent with the fact that in their anions addi tional charge delocalization is possible at 0-7. The extra oxygen function (0-5) in oxoformycin can not participate in charge delocalization in this case and so its presence should have little effect on the pK value. It may therefore be concluded that ionization of oxoformycin and formycin B occurs by loss of a proton from N-l rather than N-6. A reported second ionization of formycin B with a pK of 10.4 (previously assigned8 to dissociation of the proton from N-l) was not detected6 in a spectrophotometric titration conducted at 300 nm, although there was evidence for a second ionization above pH 11.
The ORD spectrum of oxoformycin at pH 6, in the range 240 to 500 nm (Fig. 2) , comprises a W avelength [nm] Fig. 3 . Uneorreeted fluorescence excitation and emission spectra for oxoformycin as the neutral molecule at pH 6 ( ----), and as the monoanion at pH 10.5 (-----) . The spectra were all recorded at the same instrument sensitivity for 1.1 /u m solutions of oxoformycin. Excitation spectra are based on emission intensity at 370 nm at pH 6, and at 392 nm at pH 10.5. For the emission spectrum at pH 6 the excitation wavelength was 300 nm, and for the emission spectrum at pH 10.5 it was 322 nm. When illuminated with UV light, oxoformycin displays a characteristic fluorescence which greatly facilitates its detection 3. Uncorrected excitation and emission spectra (Fig. 3) , recorded for oxo formycin at different pH values, prove that both the neutral molecule (pH 6) and the monoanion (pH 10.5) are strongly fluorescent, the anion emit ting somewhat more intensely. Under these condi tions, fluorescent detection of oxoformycin is pos sible at concentrations down to 10~8m. The maxima of the excitation and emission spectra occur respec tively at 300 nm and 370 nm for the neutral mole cule, and at 322 nm and 392 nm for the mono anion. All the spectra comprised single unresolved bands. At pH 13, where oxoformycin is probably present largely as the dianion, the fluorescence is effectively quenched. Formycin also exhibits a marked fluorescence and its properties have been in vestigated n . Upon incorporation into polynucleo tides oxoformycin could be used as a fluorescent label since its fluorescence can be excited at wave lengths where the normal nucleic acid bases do not absorb.
Experimental
Formycin B was obtained from Calbiochem. Oxo formycin was prepared by metabolism of formycin B in vivo, essentially following the procedure of Ishizuka et a l.1. As there is evidence12 that the enzyme oxidizing formycin B is inducible, a male rabbit (weight 2.75 kg) was first injected intraperitoneally with formycin B (30 mg in 0.5 ml 0.15 m NaCl) and then 4 hours later subcutaneously with 150 mg formycin B in 4 ml 0.15 m NaCl. All the urine produced by the rabbit during 21 hours following the first injection (150 ml) was run on to a column (2.2 x 22 cm) of Dowex 1X2-100 resin (C r form ). The column was eluted with distilled water and effluent fractions with an absorbance maximum in the region 285 to 290 nm were pooled and evaporated. The crude product, thus obtained, was decolorized with charcoal and recrystallized three times from water to yield 56 mg (29%) of chromatographically homogeneous oxoformycin as colourless crystals, m.p. Wavelength [nm] UV spectra, in the range 230 to 350 nm, were recorded using a Unicam SP800 instrument. ORD measurements were made with a Bendix Electronics Ltd. Polarmatic 62 spectropolarimeter. Fluorescence measurements were made, at an ambient temperature of 26 °C, using a Perkin-Elmer model 204 fluores-
